BTLCPs. In addition, we demonstrate that the L. pneumophila LapD-G system utilizes a 97 similar output mechanism as we described in P. fluorescens (29, 30) . terminal, cleavable His 6 -SUMO tag (Table S1 ).
108
Native and selenomethionine-derivatized proteins were over-expressed in E. coli 6 Selenomethionine-derivatized proteins were expressed in cells grown at 37°C in M9 114 minimal media supplemented with 50 μg/ml kanamycin, vitamins (1 μg/ml thiamin and 1 115 μg/ml biotin), carbon source (0.4% glucose), trace elements, and amino acids (40 μg/ml 116 of each of the 20 amino acids with selenomethionine substituting for methionine).
117
Protein expression was induced at an OD 600 corresponding to 0.4-0.5. In both cases, Tris-HCl [pH 8.5] and 150 mM NaCl). Where indicated, the His 6 -SUMO moiety was 7 Expression and purification of the corresponding proteins from P. fluorescens was 136 described previously (29) . Construction, expression and purification of P. fluorescens 137 
LapA
Nterm was described elsewhere (30). Site-directed mutagenesis was carried out 138 using the Quikchange kit (Agilent Technologies) following the manufacturer's 139 instructions, followed by validation through DNA sequencing. 
Results

211
The Lap operon in L. pneumophila
212
We previously predicted the existence of proteins with sequence similarity to P.
213
fluorescens LapD and LapG in several bacterial species including L. pneumophila (29).
214
In silico genomic analysis indicates that both genes map to an operon containing at 215 least 5 genes ( Figure 1B 
234
We previously demonstrated that the interaction between P. fluorescens LapG and
235
LapD relies on a strictly conserved, surface-exposed tryptophan residue that is present sensitive to a non-conservative (W-to-E) mutation at the critical tryptophan residue at 12 the center of the output domain beta-hairpin motif, indicating that the mode of binding is 250 specific and conserved across distantly related bacterial species ( Figure 2B ).
252
The crystal structure of L. pneumophila LapG
253
The LapG ortholog from L. pneumophila (residues 52-244; lacks the signal peptide)
254
was expressed in Escherichia coli as a soluble protein and purified using standard liquid 255 chromatography. Upon crystallization (space group P2 1 2 1 2; 2 molecules/asymmetric 256 unit), the high-resolution structure was determined by single-wavelength anomalous 257 diffraction (SAD) phasing with selenomethionine-substituted protein crystals ( Figure 3A ;
258 Table S2 ).
259
The structure reveals a bilobal fold of LapG ( Figure 3A ). The N-terminal lobe forms 260 by five α-helices folding into a globular structure. In contrast, the C-terminal lobe 
270
The catalytic triad is equally conserved within the LapG subgroup and all BTLCPs. including Pseudomonas, Legionella, and Vibrio strains, were used to create the 277 alignment for this analysis ( Figure S1 ). Interestingly, not only the catalytic triad is strictly 278 conserved, but we also noted a fairly conserved surface patch extending from the active 279 site ( Figure 3C ). While the functional relevance remains to be established, the 280 hydrophobic nature of this region may suggest a role as an interaction interface, for 281 example for substrate binding, considering its close proximity to the active site.
282
A structural role can be attributed to several hydrophilic residues. Consistent with the 283 bioinformatics and modeling study of BTLCPs (13), in addition to the invariant catalytic indicating a general molecular mechanism of these proteases.
330
To confirm the prediction, we crystallized L. pneumophila LapG in the presence of 331 calcium ions yielding a new crystal form. We solved the structure by SAD phasing
332
(space group P4 3 2 1 2; 1 molecule/asymmetric unit; Table S2 ). While the maximum 333 resolution was 1.9 Å, crystals diffracted X-rays anisotropically with a resolution of ~2.8 Å
334
in the worst orientation. This observation is consistent with poor packing interactions 335 along one crystal axis and with the two N-terminal helices being poorly resolved (with 336 high B-factors for residues 58-88; data not shown).
337
The overall fold of LapG in the new crystal form was preserved ( Figure S2 ; rmsd -/+ 338 calcium of 0.6 Å). We observed clear density around the residues predicted to form the 
349
We also crystallized LapG treated with EGTA (Table S2 ). This protein preparation terminal fragment of LapA, with a His 6 -tag at its C-terminus (LapA Nterm ) (Figure 9 ). EGTA, indicating that calcium is essential for LapG's function as a periplasmic protease.
439
Altogether, we validated our prediction of the existing LapD-G system in L.
440
pneumolphila. More importantly, we showed that it utilizes a similar output and 441 proteolytic mechanism as its P. fluroescens counterparts. despite the available structural data.
457
Calcium has been known to play myriad roles in modulating protein stability and 458 function. In order for a protein to interact with calcium, mainly through electrostatic 459 forces, it usually has negative charges on its surface. 
